The folding pathway of onconase is directed by a conserved intermediate.
A promising approach to unravel the relationship between sequence information, tertiary structure, and folding mechanism of proteins is the analysis of the folding behavior of proteins with low sequence identity but comparable tertiary structures. Ribonuclease A (RNase A) and its homologues, forming the RNase A superfamily, provide an excellent model system for respective studies. RNase A has been used extensively as a model protein for folding studies. However, little is known about the folding of homologous RNases. Here, we analyze the folding pathway of onconase, a homologous protein from the Northern leopard frog with great potential as a tumor therapeutic, by high-resolution techniques. Although onconase and RNase A significantly differ in the primary structure (28% sequence identity) and in thermodynamic stability (DeltaDeltaG = 20 kJ mol(-1)), both enzymes possess very similar tertiary structures. The present folding studies on onconase by rapid mixing techniques in combination with fluorescence and NMR spectroscopy allow the structural assignment of the three kinetic phases observed in stopped-flow fluorescence spectroscopy. After a slow peptidyl-prolyl cis-to-trans isomerization reaction in the unfolded state, ONC folds via an on-pathway intermediate to the native state. By quenched-flow hydrogen/deuterium exchange experiments coupled with 2D NMR spectroscopy, 31 amino acid residues were identified to be involved in the structure formation of the intermediate. Twelve of these residues are identical in the RNase A sequence, which is a significantly higher percentage (39%) than the overall 28% sequence identity. Moreover, the structure of this intermediate closely resembles two of the intermediates that occur early during the refolding of RNase A. Obviously, in spite of considerable differences in their amino acid sequence the initial folding events of both proteins are comparable, guided by a limited number of conserved residues.